We report the discovery of eleven new variable DA white dwarf (ZZ Ceti) stars. Candidates were selected by deriving temperatures from model fits to spectra obtained from the Sloan Digital Sky Survey. We also find objects whose temperatures and gravities indicate they lie within the instability strip for pulsation, but which were not observed to vary. Although the temperatures are based on relatively low S/N spectra, an impure strip is unexpected, and if confirmed suggests that our knowledge of the pulsation mechanism is incomplete. This work brings the total number of published variable DA white dwarf stars to 82.
Introduction
The relatively simple structure and behavior of white dwarf stars (WDs) make them ideal objects for astrophysical study. For the variable WDs, asteroseismology allows us a rare glimpse into the interior of a stellar object. WDs pulsate in three distinct instability strips along the HR diagram. The extremely high gravity of these objects makes non-radial gravity-modes energetically favorable (Winget 1998, and references therein). Of interest in this paper are the hydrogen atmosphere WDs (known as the DAs) which pulsate at temperatures between approximately 11, 000 K and 12, 000 K (Mukadam et al. 2004a ). We previously believed that variability was a normal part of the evolution of a cooling white dwarf (Fontaine et al. 1982; Bergeron et al. 2004) , so these pulsating WDs (or DAVs) are otherwise normal stars caught during the brief period of evolution where their temperatures allow pulsation. However recent analysis by Mukadam et al. (2004b) has shown the presence of non-variable stars within the strip, indicating either that the models used for fitting temperatures need refinement, or the presence of an additional third parameter determining the pulsation properties of these objects. This is an important concern in the application of the conclusions of DA asteroseismology to other DAs.
A hot subset of the variable DAs (known as hDAVs) were discovered to exhibit extreme stability in the period and phase of their pulsations (Stover et al. 1980; Kepler et al. 1982) . Kepler (in press) showed that one such star, G117-B15A has a period stability ofṖ = (4.12 ± 0.83) × 10 −15 , a stability that rivals that of atomic clocks. Mukadam et al. (2003) constrained the stability of ZZ Ceti to better than (5.5 ± 1.9) × 10 −15 .
With such a stable signal the presence of an orbiting planet can be inferred from variations in the observed arrival time of pulsations due to the reflex orbital motion of the star. The first limits on planetary mass companions to white dwarf stars were placed by Kepler et al. (1988) . For this paper, our search for new variables was biased toward the hot edge of the strip where these stable pulsators, suitable for searching for planets, are to be found.
A key constraint on both the prior progress of asteroseismology and the search for planetary companions was the limited number of suitable stars available for study. For that reason, Mukadam et al. (2004a) performed a photometric search and discovered 35 new DAVs. This search is on-going, and in this paper we report 11 new stars to make them available to the wider community. We refer the reader to Mukadam et al. (2004a) for a full description of this program.
Object Selection and Observation
The Sloan Digitial Sky Survey (Fukugita et al. 1996; Gunn et al. 1998; York et al. 2000; Hogg et al. 2001; Smith et al. 2002; Stoughton et al. 2002; Pier et al. 2003 ) is proving to be an impressive source of new white dwarf stars (Kleinman et al. 2004 ). We obtained candidate DAVs from both the DR1 (Abazajian et al. 2003) and DR2 (Abazajian et al. 2004) samples. Objects from DR1 were selected from the catalogue of Kleinman et al. (2004) using temperature fits based on models published in Finley et al. (1997) .
Objects from DR2 (which do not appear in Kleinman et al. 2004 ) with spectra were also selected. DA stars near the DA instability strip are easily identifable due to their very broad Balmer lines caused by their very high surface gravity and the fact that the Balmer lines are maximally broad near the temperature range of the instability strip (Fontaine et al. 2003) .
For each spectrum in the database we measured the equivalent widths of the H β and H γ lines over the wavelength region given in Table 1 . Objects in the range 40Å < H β <65Å and 20Å < H γ < 45Å were selected and a colour cut of 0.2 ≤ (u −g) ≤ 0.7, −0.4 ≤ (g −r) ≤ 0.05 and 9.5(u − g) − (g − r) > 4.14 was used to further trim the sample. The third cut removes DAs with Balmer lines of appropriate equivalent width but on the hotter side of the curve of growth (≈ 15,000 K). The temperatures and gravities of the selected DAVs were found by fitting to a grid of temperature models as described in Kleinman et al. (2004) Objects were observed and reduced as described in Mukadam et al. (2004a) . Each object was observed for two hours on the 2.1m Otto Struve telescope at McDonald Observatory using the Argos prime focus CCD camera (Nather & Mukadam 2004) . Individual exposure times were between 5 and 15 seconds depending on the brightness of the target and readout times were negligible due to the use of a frame transfer buffer. If an object showed signs of variability it was reobserved on a later night for confirmation. Faint objects or those observed under poor conditions may appear to show variability, so a second run is required to confirm variability. If an object did not appear to pulsate it was not reobserved. Many DAVs present closely spaced modes which can destructively interfere effectively hiding a mode for periods longer than two hours. However the aim of this survey is to find as many pulsators as possible with the telescope time available not to conduct a complete search of the sample and so stars that did not appear to vary were not re-observed.
The CCD images were flat fielded and lightcurves extracted using IRAF's weighted aperture appphot package. We subtract the contribution from sky photons and divide by a combination of reference stars to remove small cloud variations.
We discovered 11 new DAVs and 26 stars that were not observed to vary. A journal of observations appears in Table 2 . Lightcurves and Fourier transforms of the new pulsators are shown in Figures 1 and 2 . Table 3 lists the observed periods and amplitudes of pulsation. The high number of non-variables is due to an unsuccessful attempt to use a different method to measure the stellar temperatures. Our instability strip is similar to that discovered in Mukadam et al. (2004a) , which is to be expected as we are using the same temperature fitting technique.
Characteristics of the Instability Strip
A plot of the location of the new variables within the instability strip is shown in Figure 3 . A table of the properties of the variables is presented in Table 4 and those stars not observed to vary in Table 5 . The phrase non-variable is fraught with danger, as a star may be exhibiting destructive interference between two closely spaced modes while being observed, or merely be pulsating with too low an amplitude to be detected. For this reason, we prefer to use the term Not Observed to Vary (NOV).
The uncertainties in Figure 3 and Tables 4 and 5 are the formal least squares fit errors. In an effort to determine the extent of external errors in DAV temperature fits, Fontaine et al. (2003) compared the measured effective temperature of a number of DAs in the region of the instability strip as measured from two independently observed and reduced spectra of each object. They conclude that the external errors, due primarily to different flux calibrations, was ∼200 K. It should be noted that paper uses spectra with signal to noise ratios of greater than 80 per pixel, while our faintest star, SDSS J173712 (g = 19.2) has a S/N ratio of less than 8. Mukadam et al. (2004b) , using similar spectra from the Sloan survey which are observed and reduced in a consistent manner, estimate an uncertainty in T ef f of less than 300 K for the fainter stars, and 200 K for the brighter stars.
Our enlarged sample of DAVs has the same characteristics as the sample published in Mukadam et al. (2004a) . Our survey emphasized the blue edge of the instability strip which is why we found more pulsators hotter than 11, 500 K than cooler. With this bias in mind, our new sample still supports the narrower strip found in Mukadam et al. (2004b) . We note that two stars not observed to vary, SDSS J143249 and SDSS J012234 lie within the strip. It is possible that these objects are complex pulsators whose modes were destructively interfering for the time they were observed, or simply that their amplitude was too low to be observed. If further observations address those concerns, these objects lend support to the arguments in Mukadam et al. (2004b) that the DA instability strip is impure. Funding for the creation and distribution of the SDSS Archive has been provided by the Alfred P. Sloan Foundation, the Participating Institutions, the National Aeronautics and Space Administration, the National Science Foundation, the U.S. Department of Energy, the Japanese Monbukagakusho, and the Max Planck Society. The SDSS Web site is http://www.sdss.org/. 
